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CONCLUSIONS 

f 
The following conclusions were reached on the basis of this investi-

gation on four different soils: 

1. After the soil s were stabilized with various percentages of 

epoxies, al l were found suit able as base course materi a ls . Traffic 

Simulator Tests have shown that the resi stance of epoxy.- treat ed soils 

against the abrasive action i s excellent, therefore epoxy or epoxy-

r lime stabilized soils may be tried as a road surface material. 

2 . The effectiveness of epoxy treatment depends on the clay con-

tent. High clay content s give the least sati sfactory results . The 

epoxy stabilization is most effective for the friable loess. 

3. All soils u sed in this invest igation were improved in im-

mersed strengths by the addition of lime to the soils to be stabi lized 

by epoxy. 

4. Epoxy affects soil s in two ways: (1) it reduces the moisture 

affinity of clays by surface chemical action, and (2) it imp art s cementa-

tion, thereby produ cing a semirigid soil framework. The lime is be-

lieved to be an agent \<lhich causes the cured epoxy to be a more ductile 

materia l. Thi s may be r espon s ible for increa sed immers ed strengths of 

soil specimen s . 

5 . The higher the curing temperature, the fa ster the se t t ing of 

epoxy stabilized soil . 0 0 Curing temperatures between 30 F and 104 F \<lere 

found most practical for curing epoxy stabilized soil specimens . The 

short curing time for epoxy makes it an ideal stabi li zing agent for 

emergenc i es . The epoxy dune sand mixtures with lime could be hardened 
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at 80°F in half an hour. 

6 . Because of the high-cost epoxy ($0.60 per pound) compares un

favorably with other methods of soil stabilization. However the cost 

of epoxies has shown a very rapid decl ine. If this trend continues 

epoxy may be an economic stabilization agent for future . 
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AMENDMENT TO THE FINAL REPORT 

Results of Screening Studies 

Preliminary screening of urea-formaldehyde, urea-formaldehyde-spent 

sulfite liquor, polystyrene-spent liquor, reclaimed rubber, and reclaimed 

rubber-spent sulfite liquor were done by using the screening test developed 

lill\l'Uiilr Rt fuwa Stntl',l 

Sample: 

The test utilizes 1 inch high by 1/2 inch diameter test specimens. 

This small size results in considerable savings of time and materials, and 

is snfficiently large for clays, silts, and fine sands. Only the portion of 

the soil which passes the No. 40 sieve is used, since large particles and 

conglomerates would unduly influence the characteristics of the specimens. 

The minus No. 40 portion, with its higher percentages of clay-size material 

and increased surface area, provides a more rigorous test of effectiveness. 

Apparatus: 

The molding apparatus consists of a lever arrangement by which the 

soil mixture is compressed by hand into a cylindrical mold. 

The unconfined compression testing machine automatically plots 

stress versus strain by means of a lever system which is controlled by the 

relative motion of parts of the machine during loading. This machine was 

modified after the British Building Research station apparatus. 

Procedures: 

The soil, additives, and enough water to bring the'sample approximately 

to optimum liqnid content, are thoroughly mixed by hand with a spatula. The 

required amount of the mixture to give a 111 by 1/211 specimen of the desired 

1Roderick, G. L. Demirel, T. and Davidson, D. T., Use of phosphoric 
acid and furfuryl alcohol for soil stabilization. Proc. Iowa Academy of 
Science, V. 69, pp. 370-379, 1962. 
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density is placed in the mold and compressed by static pressure on the 

lever. The sample is then extruded and cured. After curing, one-half 

of the samples are tested for unconfined compressive strength; the other 

half are immersed in water for 24 hours and tested. 

Results: 

The results obtained primarily reflect the cohesive strength of the 

soil-additive system. The test after immersion reflects waterproofing 

ability of the stabilizer. 

Soil: The soil subjected to the screening tests was a silty clay 

loess. It contained 80 percent silt and 20 percent clay. 

Urea formaldehyde: The liquid urea-formaldehyde resin used in this 

study was Foramine 21-019 produced by Reichhold Chemicals, Inc. 

Catalysts used were ammonium chloride and phosphoric acid. Statisfactocy 

and consistent strengths were obtained with 9 percent urea formaldehyde 

and 1 percent phosphoric acid (average dry strength 300 psi, average 

immersed strength 200 psi) and 9 percent urea formaldehyde and 2 

percent ammonium chloride (average dry strength 500 psi, average 

immersed strength 200 psi). Samples made with lower percentages of 

these additives showed sudden drops in strength. Addition of spent 

sulfite liquor (from 2 to 8 percent) lowered both the dry and the immersed 

strengths as much as 50 percent. Further investigation of urea-

formaldehyde, soil systems is suggested. 

Polystyrene-spent sulfite liquor: Earlier investigations at Iowa State 

had shown that a benzene solution of polystyrene to be an effective soil 

stabilization agentl. The purpose of the present screening investigation 

1Roderick, G. L. and Demirel, T. Soil stabilization with polystyrene. 
Proc. Iowa Academy of Science, v. 71, pp. 369-376. 1964. 
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was to find out if spent sulfite liquor could replace part of the polystyrene. 

The polystrene used was plaspan 8 produced by The Dow Chemical Company. 

Plaspan 8 was desolved in benzene before adding it to the soil. Addition of 

spent sulfite liquor increased the dry strength slightly but reduced the 

immersed strength. Addition of 4 percent spent sulfite liquor increased 

the dry strength of the soil stabilized with 9 percent polystyrene from 

1400 psi to 1700 psi but reduced its immersed strength from 500 psi to 

300 psi. On the basis of results obtained detailed investigation of spent 

sulfite liquor as a seondary additive with polystyrene stabilization is not 

recommended. 

Reclaimed Rubber: The reclaimed rubber used in this study was 

obtained from Midwest Rubber Reclaiming Company. It was desolved in 

Creosote oil prior to addition to the soil. The solution consisted of 1 

part reclaimed rubber and 3 parts Creosote oil. The percentages of 

reclaimed rubber and creosote oil added to the soil were 2, 4, 6 percent 

rubber and 6, 12, 18 percent creosote oil. A third combination tried 

consisted of 4. 5 percent reclaimed rubber 13. 5 percent Creosote oil and 

4. 5 percent spent sulfite liquor. None of the strengths obtained with 

these formulations gave satisfactory strengths; all dry strengths were 

about 100 psi and all immersed strengths were about 20 psi. On the basis 

of these results a detailed investigation of these additives is not recom

mended. 


